This study compared the therapeutic effects of two techniques for surgical decompression treatment for ulnar nerve entrapment at the elbow: subcutaneous transposition and modified submuscular transposition with Z-lengthening of the pronator teres origin. A total of 278 patients with ulnar nerve entrapment (McGowan grades I -III) were randomly assigned to undergo one of these techniques. All patients were followed-up for 2 years. The effects were assessed by preoperative and postoperative cross-sectional area, motor conduction velocity, sensory conduction velocity and nerve action potential. All of these parameters improved after surgery in both groups. For patients with grade I disease, there were no significant differences between the two techniques. For patients with grade II and III disease, modified submuscular transposition was associated with significantly greater improvements compared with subcutaneous transposition. In conclusion, subcutaneous ulnar nerve transposition is recommended for grade I patients and modified submuscular ulnar nerve transposition for grade II and III patients.
Introduction
Ulnar nerve entrapment at the elbow is the second most common compressive neuropathy of the peripheral nerves. 1, 2 Ulnar nerve entrapment, which can have different causes, presents as pain, paraesthesias, anaesthesia and weakness or atrophy in the distribution of the ulnar nerve. 3 -6 The aim of the present study was to compare and analyse the therapeutic effect of two surgical techniques, subcutaneous ulnar nerve transposition and modified submuscular ulnar nerve transposition, for decompression surgery to correct ulnar nerve entrapment at the elbow. W Zhong, W Zhang, X Zheng et al. Surgical transposition methods for ulnar nerve entrapment the forearm to the little and ring fingers and progressive numbness in these areas. The Tinel sign at the elbow was also present in all of the patients. Some patients presented with weakness or atrophy of the flexor carpi ulnaris and flexor digiti minimi profundus. All patients were carefully evaluated and those diagnosed with polyneuropathy, compressive ulnar neuropathy at another site, acute injury of the extreme forearm, brachial plexus injury, an angular deformity of the elbow, or a systemic disorder capable of causing a non-compressive neuropathy were excluded from the study.
The study protocol was approved by the Ethics Committee of XinHua Hospital, Affiliated to Shanghai JiaoTong University School of Medicine, and the patients participating in the study provided verbal informed consent prior to participation.
All patients were classified into three grades of ulnar nerve entrapment according to the McGowan grading system. 7 Patients with paraesthesias and hypoaesthesias in the ulnar nerve distribution, but without muscle weakness or atrophy, were grade I; patients with mild intrinsic weakness or early stage of intrinsic atrophy were grade II; and patients with marked intrinsic atrophy and sensory disturbance were grade III. Patients were randomly assigned, using a computer-generated randomization schedule, to undergo decompression surgery performed with either: (i) anterior subcutaneous ulnar nerve transposition; or with (ii) modified submuscular ulnar nerve transposition (Z-lengthening of the pronator teres origin).
SURGICAL TECHNIQUES
All procedures for anterior subcutaneous ulnar nerve transposition were performed under brachial plexus block. A 10 cm long curved incision was made along the ulnar nerve sulcus and the skin, superficial and deep fascia were cut. After the cubital tunnel was dissected, five common entrapment sites including the arcade of Struthers, the medial intermuscular septum, Osborne's ligament, the fascial origin of the flexor digitorum superficialis and flexor carpi ulnaris were decompressed, 8 and then the ulnar nerve was identified in the arm. Wherever possible, concomitant vessels and branches of the ulnar nerve were preserved. 9 The isolated ulnar nerve was transposed underneath the subcutaneous tissue. Finally, a fascial relaxing suture was used to make a subcutaneous bed for the nerve and the skin was closed successively with non-absorbable sutures.
When modified submuscular ulnar nerve transposition was performed, a Zlengthening incision, instead of a traditional straight incision, was made in the pronator teres origin to lengthen the muscle. 10 The ulnar nerve was then transposed underneath the pronator teres muscle. After that, the muscle was lengthened and sutured. Finally, the skin was closed successively with nonabsorbable sutures.
HIGH-RESOLUTION ULTRASOUND TESTS
All ultrasound studies were performed using a Sequoia 512 ultrasound device (Siemens, Erlangen, Germany) with an 8 -14 MHz transducer. During imaging, patients sat down with the elbow flexed at 90° with the palm upwards. The probe was placed perpendicular to the cubital tunnel and a continuous longitudinal scan was made through the ulnar nerve to observe any swelling of the compressed nerve. Then a probe was placed at the medial epicondyle and another was placed at the olecranon process of the ulna and the cross-sectional area (CSA) was measured using the W Zhong, W Zhang, X Zheng et al. Surgical transposition methods for ulnar nerve entrapment envelopment method. 11 -13 High-resolution ultrasound detection of the ulnar nerve CSA was performed within 1 day of the electrophysiological tests.
ELECTROPHYSIOLOGICAL TESTS
The patient was placed in a relaxed supine position. The room temperature was maintained at 25°C, while the forearm skin temperature was at 30°C. Electrophysiological tests of the ipsilateral ulnar nerve were performed using the Medtronic Keypoint 4 system (Medtronic Neuromodulation, Minneapolis, MN, USA). For measurement of motor conduction velocity (MCV) of the elbow segment of the ulnar nerve, bipolar stimulating electrodes were placed on the elbow along the surface projection of the ulnar nerve, with the anode 5 cm proximal to the elbow and the cathode 5 cm distal to the elbow. The recording electrode was placed on the surface of the abductor muscle of the little finger and the earth electrode was placed on the back of the hand. 14, 15 For measurement of sensory conduction velocity (SCV) of the elbow segment of the ulnar nerve, a ring-shaped stimulating electrode was placed on the little finger. The plate-shaped recording electrode was placed along the surface projection of the ulnar nerve proximal to the wrist stripes and the earth electrode was placed on the back of the hand. 16, 17 For measurement of the neural action potential (NAP) of the elbow segment of the ulnar nerve, bipolar stimulating electrodes were placed along the surface projection of the ulnar nerve near the wrist stripes, the bipolar recording electrodes were placed on the elbow segment of the ulnar nerve sulcus and the earth electrode was placed on the middle volar forearm. 18 The NAP was measured using the average stacking technique 19 at least twice to obtain the maximum amplitude of potential.
STATISTICAL ANALYSES
Statistical analyses were carried out using the SPSS ® statistical package, version 14.0 (SPSS, Chicago, IL, USA) for Windows ® . The mean was used for evaluation of all data. Comparison of data taken pre-and postoperation was performed by a paired ttest, and data comparison between the anterior subcutaneous transposition group and modified submuscular group was performed by an independent samples t-test. The non-parametric Pearson's correlation coefficient test was used to determine correlation between CSA and electrophysiological data. A P-value < 0.05 was considered to be statistically significant.
Results
A total of 278 patients (142 males and 136 females) aged 32 -66 years with ulnar nerve entrapment were treated surgically and included in the study. Duration of symptoms ranged from 8 months to 5 years (mean 25 months). The right side was involved in 148 patients and the remaining 130 had left side entrapment. A total of 140 patients presented with weakness or atrophy of the flexor carpi ulnaris and flexor digiti minimi profundus. Preoperatively, 130 patients were grade I, 127 were grade II and 21 were grade III.
All 278 patients with ulnar nerve entrapment at the elbow were randomly operated on using decompression surgery with either (i) anterior subcutaneous ulnar nerve transposition (65 grade I, 63 grade II and 11 grade III patients), or with (ii) modified submuscular ulnar nerve transposition (65 grade I, 64 grade II and 10 grade III patients). All patients were followed-up for 2 years and assessed by ultrasonography (CSA), MCV, SCV and NAP.
For patients with grade I, grade II and grade III ulnar nerve entrapment, W Zhong, W Zhang, X Zheng et al. Surgical transposition methods for ulnar nerve entrapment postoperative CSA, MCV, SCV and NAP were significantly better than before the operation (P < 0.05; Tables 1 and 2 ). Grade I patients showed no statistically significant differences between the anterior subcutaneous and modified submuscular transposition groups. In contrast, patients with grade II and III ulnar nerve entrapment who underwent modified submuscular transposition showed significantly greater postoperative improvements in CSA, MCV, SCV and NAP than those grade II and III ulnar nerve entrapment patients who underwent anterior subcutaneous transposition (P < 0.05).
Statistically significant inverse correlations were found between CSA and MCV (r = -0.832, P < 0.01), SCV (r = -0.825, P < 0.01), and NAP (r = -0.862, P < 0.01).
Discussion
Ulnar nerve anterior transposition is a wellestablished and effective surgical procedure for treating ulnar nerve entrapment at the elbow. Apfelberg and Larson 20 reported that the success rate for in situ decompression was only 25%, while subcutaneous transposition achieved a success rate of 86%. Craven and Green 21 reported a success rate of 79 -82% for subcutaneous transposition compared with 87% for submuscular transposition. These investigators used different access approaches and different clinical effects were seen. A technique of modified submuscular transposition with aponeurosis Zlengthening to loosen the pronator teres after two cross-sections were sutured was, therefore, used in the present study.
Clinical presentation, high-resolution ultrasound and electrophysiological examinations were used in the present study to evaluate the effects of the two different ulnar nerve transposition surgical procedures. Since patient reporting of symptoms can be highly subjective, highresolution ultrasound and electrophysiological examinations were used to maintain objectivity.
There were no significant differences in CSA, MCV, SCV and NAP after subcutaneous or modified submuscular transposition in patients with grade I ulnar nerve entrapment in the present study, indicating Data presented as mean ± SD. a P < 0.05 versus preoperative value, one-way analysis of variance; b P < 0.05 versus anterior subcutaneous transposition group, Student's t-test.
W Zhong, W Zhang, X Zheng et al. Surgical transposition methods for ulnar nerve entrapment that the clinical effects of the two transposition techniques were similar, and both sensorimotor function and swelling of the ulnar nerve were improved by surgery. When transposition is used to release the ulnar nerve, the potential for nerve injury exists. 22 Subcutaneous transposition releases the nerve by transposing it to the subcutaneous and adipose tissue. When the ulnar nerve is moved above the elbow, however, the nerve is stretched when the forearm is in an extended position. Neural slippage may take place in a few patients, resulting in a lack of improvement in their symptoms or it may even make their symptoms worse. The modified submuscular transposition procedure transposes the ulnar nerve underneath the muscle, which provides a new bed for the nerve. This resolves nerve entrapment and neural slippage will not take place, however, because the muscle is cut during the operation, the formation of scars might become a new potential cause of ulnar nerve entrapment. 23 Subcutaneous transposition requires a shorter incision, a reduced operation time and is associated with minimal postoperative pain and complications. 24 Meanwhile, modified submuscular transposition requires a more complicated procedure to provide a new ulnar nerve bed. The clinical effects of the two transposition techniques were the same in the present study in patients with McGowan • Received for publication 10 April 2011 • Accepted subject to revision 10 May 2011 • Revised accepted 29 July 2011 Copyright © 2011 Field House Publishing LLP grade II and III patients. Moreover, the Zlengthening of the pronator teres can provide a loose bed to release the ulnar nerve effectively. 1, 25 The parameters of MCV, SCV and NAP were inversely correlated with CSA and these indices changed in parallel with the different surgical techniques and the McGowan grades of the patients. This suggests that the correct choice of surgical technique is able to restore neural function and morphology, and indicates that these indices accurately and linearly express the pathological state of the ulnar nerve. 26, 27 In conclusion, subcutaneous transposition is most suited for patients with McGowan grade I ulnar nerve entrapment, while modified submuscular transposition is most suited for patients with McGowan grade II and III ulnar nerve entrapment.
